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ABSTRACT
We present newly discovered dwarf galaxy candidates in deep and wide-field images
of NGC 1291 obtained with the Korea Microlensing Telescope Network. We identify 15
dwarf galaxy candidates by visual inspection. Using imaging simulations, we demon-
strate that the completeness rate of our detection is greater than 70% for the central
surface brightness value of µ0,R . 26 mag arcsec−2 and for magnitudes MR . −10 mag.
The structural and photometric properties of the dwarf galaxy candidates appear to be
broadly consistent with those of ordinary dwarf galaxies in nearby groups and clusters,
with µ0,R ∼ 22.5 to 26.5 mag arcsec−2 and effective radii of 200 pc to 1 kpc. The dwarf
galaxy candidates show a concentration towards NGC 1291 and tend to be redder the
closer they are to the center, possibly indicating that they are associated with NGC
1291. The dwarf candidates presented in this paper appear to be bluer than those in
denser environments, revealing that the quenching of star formation in dwarf galaxies
is susceptible to the environment, while the morphology shaping is not.
Keywords: galaxies: dwarf – galaxies: individual (NGC 1291)
1. INTRODUCTION
The ΛCDM paradigm successfully predicts
the large-scale structures of the Universe, but
Corresponding author: Minjin Kim
mkim@knu.ac.kr
it often fails to explain the properties on
much smaller scales (see Bullock & Boylan-
Kolchin 2017). Together with the too-big-to-
fail (Boylan-Kolchin et al. 2011) and the planes
of satellites problems (Pawlowski et al. 2012;
Mu¨ller et al. 2017), one of the critical issues with
this paradigm is the so-called ‘missing satellites
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problem’ (Klypin et al. 1999; Moore et al. 1999)
in which models predict that there are more
satellite galaxies for a given host galaxy than
are actually observed, based on the census of
dwarf-scale satellite galaxies in the Local Group
(LG).
There have been a lot of effort towards ex-
plaining the problems using cosmological sim-
ulations with higher resolution and much im-
proved baryonic physics (see Section 3 in Bul-
lock & Boylan-Kolchin 2017). Focusing on
the possibility of incomplete observations, there
have been several scenarios to explain the dis-
crepancy between the predicted and observed
number of satellite galaxies. One scenario sug-
gests that tidal disruption of satellite galax-
ies can reduce the number of observable dwarf
galaxies (e.g., Kravtsov et al. 2004; Garrison-
Kimmel et al. 2017), but leaves behind distinct
structures such as shells, streams, and tidal
tails. It is also possible to mitigate the prob-
lem by applying physical mechanisms which
suppress star formation in dwarf galaxies, such
as supernovae-driven outflows (e.g., Font et al.
2011). Those processes leave remnants that
would be expected to have a low surface bright-
ness (LSB). In that respect, deep imaging sur-
veys of LSB features are important as probes
into the evolution of dwarf-scale satellite galax-
ies.
Since the 1980’s when LSB galaxies were first
discovered (Sandage & Binggeli 1984), many
studies have reported discoveries of those galax-
ies despite the surface brightness limit (µ0,V .
26 mag arcsec−2; e.g., Impey et al. 1988; Bothun
et al. 1991; Dalcanton et al. 1997). Although in-
tensive all-sky surveys, such as the Sloan Digital
Sky Survey (SDSS; York et al. 2000), have made
a tremendous contribution to this field, the de-
tection of faint dwarf galaxies is still difficult
because of their low surface brightness, which
have a value less than 1% of the brightness of
the night sky.
Table 1. Basic information of NGC 1291
Parameter Value Reference
R.A. (J2000) 03h17m18s.6 1
Decl. (J2000) −41◦06′29′′ 1
Morphology (R)SB0/a(s) 1
Distance 9.08 Mpc 2
M? ∼8× 1010M 3
mR 7.98 mag 4
re ∼4–5 kpc 4
References: (1) NASA Extragalactic Data
base (NED); (2) McQuinn et al. (2017); (3)
Li et al. (2011); (4) measured by Byun et al.
(2018).
Recently, new observational strategies and
data analysis techniques for deep imaging sur-
veys have been progressively developed to ex-
plore the LSB nature in galaxy groups, clusters
(e.g., Kim et al. 2011; Ferrarese et al. 2012; Ca-
paccioli et al. 2015; van Dokkum et al. 2015;
Mihos et al. 2015; Mun˜oz et al. 2015; Merritt
et al. 2016; Venhola et al. 2017; Park et al.
2017; Kondapally et al. 2018; Smercina et al.
2018; Park et al. 2019), and fields (e.g., Javan-
mardi et al. 2016; Henkel et al. 2017; Leisman
et al. 2017). Furthermore, automated detection
methods for identifying faint dwarf galaxies
have been contributed to much larger explo-
rations (e.g., Merritt et al. 2014; Davies et al.
2016; Fliri & Trujillo 2016; van der Burg et al.
2016; Yagi et al. 2016; Bennet et al. 2017; Greco
et al. 2018; Prole et al. 2018; Zaritsky et al.
2019; Carlsten et al. 2019). All of these efforts
contribute to the detection of LSB galaxy pop-
ulations and understand the evolution of dwarf
galaxies in different environments.
In this paper, we present a list of dwarf galaxy
candidates which are newly discovered in deep
optical images of NGC 1291 taken by the Ko-
rea Microlensing Telescope Network (KMTNet;
Kim et al. 2016b). NGC 1291 is located at
KMTNet Nearby Galaxy Survey 3
a distance of 9.08 Mpc (McQuinn et al. 2017)
and there are two potential companion galaxies
that have similar recessional velocities (see Sec-
tion 4.2). The survey of the NGC 1291 system,
which has been thought to be a low-density en-
vironment, can contribute to the study of en-
vironmental effects on the evolution of dwarf
galaxies. The basic properties of NGC 1291 are
presented in Table 1. The KMTNet imager con-
tains four CCD chips with a field-of-view (FoV)
of∼1 deg2 each, so the final mosaic images cover
the whole area within the virial radius of NGC
12911. In this study, we assumed that all of the
dwarf galaxy candidates are located at the same
distance as NGC 1291.
This paper is organized as follows. Section 2
describes the outline of the observations and the
data reduction process. Section 3 presents a list
of dwarf galaxy candidates, the completeness of
detections, and the properties of the discovered
dwarf galaxy candidates. Section 4 discusses the
implications of the results for the evolution of
dwarf galaxy candidates. Section 5 summarizes
the results.
2. DATA
We conducted deep optical imaging of NGC
1291 with KMTNet. Consisting of three 1.6-
m identical telescopes, KMTNet is located at
the Cerro Tololo Inter-American Observatory
(CTIO), the South African Astronomical Ob-
servatory (SAAO), and Siding Spring Observa-
tory (SSO). Each telescope contains a wide-field
CCD camera with a 2◦ × 2◦ FoV with average
pixel scale of 0.4 arcsec. The data were taken
at the KMTNet-CTIO observatory on Novem-
ber 12, 2015 with an average seeing of ∼1.1
arcsec. A total of 85 B-band and 48 R-band
1 To obtain the virial radius of NGC 1291, we adopted
the conversion equation of r1/2 ∼ 0.015r200 (Kravtsov
2013). We assumed that the half-mass radius (r1/2) can
be replaced with the effective radius (re) because of a
flat color profile in NGC 1291 (Byun et al. 2018).
images were utilized which had total exposure
times of ∼2.8 and ∼1.6 hrs, respectively. The
images were taken by placing the target galaxy
on each of the four chips with additional 7-
points dithers. This strategy enabled us to ob-
tain blank sky regions for dark-sky flat-fielding
and also fill in the CCD gaps in the stacked
images. The overall description of KMTNet
Nearby Galaxy Survey (KNGS) project is also
found in Byun et al. (2018).
The data reduction procedure used in this
study is the same as that used in the previous
study except for the addition of crosstalk correc-
tion (Kim et al. 2016a). We utilized crosstalk-
corrected data this time to avoid confusing faint
dwarf galaxies and artificial features. Brief de-
scription of the data reduction is as follows.
• Overscan correction was adopted to sub-
tract bias level because of the apparent
instability of the bias frames.
• Dark sky flat was generated by stacking all
object frames with object-mask and then
applied for flat-fielding.
• A two-dimensional sky model was sub-
tracted from each object frame to remove
gradients over the sky background.
• Accurate astrometric calibration was per-
formed with SCAMP (Bertin 2006) fol-
lowing the instructions provided by the
KMTNet project team2.
• Stacked images were generated by SWarp
(Bertin et al. 2002) using median-combine
without photometric calibration.
Finally, we obtained deep mosaic images with
a FoV of 12 deg2 centered on NGC 1291 in the
B- and R-bands. The photometric zero points
for the mosaic images were determined using the
2 http://kmtnet.kasi.re.kr, “Astrometric calibration
for KMTNet data”
4 BYUN et al.
51 50 49 48 47
R.A. [deg]
-40
-41
-42
D
e
cl
. 
[d
e
g
]
DW1
DW2
DW3
DW4
DW5
DW6
DW7
DW8
DW9
DW10
DW11
DW12
DW13
DW14 DW15
51 50 49 48 47
R.A. [deg]
-42
-41
-40
De
cl.
 [d
eg
]
15 data
11 data
Figure 1. Left: The spatial distributions of 15 dwarf galaxy candidates (red circles) that we identified in
the R-band mosaic image. NGC 1291 is located at the center. One side of the image is equivalent to ∼600
kpc at the distance of NGC 1291. North is up and east is to the left. Right: The potential planes of satellite
galaxies with the whole data (open circles; dotted line) and those relatively close to NGC 1291 (semi-filled
circles; dashed line). The gray lines represent ±1σ.
AAVSO Photometric All-Sky Survey (APASS)
DR9 catalog3. The optimized data reduction
procedure allowed to investigate the surface
brightness down to ∼28–29 mag arcsec−2 within
1σ limit.
3. RESULTS
3.1. Detection
Four of us (W. Byun, Y.-K. Sheen, H. S.
Park, and M. Kim) performed visual inspec-
tion for searching faint dwarf galaxies, indepen-
dently. The dwarf galaxy candidates had to
(1) have similar appearances in both B- and R-
band images; (2) exhibit a smooth gradation of
surface brightness on their outskirts to distin-
guish them from massive background galaxies;
and (3) not be located at the vicinity of bright
3 https://www.aavso.org/apass, We derived R magni-
tude using the conversion equation R = r − 0.1837 ×
(g − r)− 0.0971 provided by Lupton (2005)
stars that may interfere with accurate identifi-
cation. Each object discovered by each of us
was then independently graded as “A/B/C”,
where “A” is assigned to strong candidates with
low surface brightness and extended light, “B”
is assigned to ambiguous candidates with very
low surface brightness, that can be easily con-
fused with artifacts (e.g., crosstalk), “C” is as-
signed to less promising candidates with com-
pact features. While a total of 35 objects were
initially identified, we assessed that it might
be biased by human subjectivity. Hence, we
utilized the objects which are detected by at
least two authors regardless of their grades.
Then, we converted the grades “A/B/C” into
the scores 25/15/5, and the objects with cu-
mulative scores higher than 65 were designated
as dwarf galaxy candidates. For the ambigu-
ous candidates, several authors closely exam-
ined the images together for the final decision.
This process resulted in the removal of proba-
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µ0, R ∼ 24. 25
n∼ 0. 6
MR ∼ − 13. 36
µ0, R ∼ 24. 55
n∼ 0. 6
MR ∼ − 13. 36
Figure 2. Comparison between the dwarf can-
didate N1291-DW4 (left) and a simulated dwarf
galaxy (right). Both dwarfs share similar struc-
tural and photometric properties. The central sur-
face brightnesses, Se´rsic indices and absolute mag-
nitudes are shown in the images. The horizontal
bar at the bottom-right corresponds to 30 arcsec.
ble background objects and tidal features from
the list. A total of 15 dwarf galaxy candidates
were identified and their locations are shown in
Figure 1. Four out of our candidates (N1291-
DW6/DW7/DW8/DW14) had been previously
detected (Morshidi-Esslinger et al. 1999; Pa-
turel et al. 2003), but the rest are newly dis-
covered in this study.
Interestingly, most of the dwarf candidates
were located on the eastern side of NGC 1291
and were distributed from north to south. In-
deed, such structures have been reported in
other studies (e.g., Metz et al. 2007; Ibata et al.
2013; Merritt et al. 2014; Tully et al. 2015;
Mu¨ller et al. 2017). If the satellites are isotrop-
ically distributed around the host galaxy, there
must be no dependency for the specific direc-
tion. So we performed a total least square fit
using the dwarf candidates to find potential
plane structures. As seen in the right panel of
Figure 1, we divided the sample into two sub-
samples taking into account the uncertainty of
virial radius of NGC 1291: Dproj . 300 kpc
(open circles) and Dproj . 250 kpc (semi-filled
circles). When using the whole data set, the
dwarf candidates seemed to be aligning with a
large scatter from the northwest to the south-
west (dotted lines). Meanwhile, when only 11
candidates were used, they seemed to be more
tightly aligned along the north-south direction
(dashed lines). Note that such analyses can be
affected by a projection effect, so further spec-
troscopic observations may be needed to con-
firm the planarity of the satellite galaxies.
3.2. Imaging simulation
Imaging simulations were conducted to es-
timate the completeness of our visual inspec-
tion. Mock galaxies were generated on top
of the mosaic image using photutils and
astropy.modeling library in the PYTHON
package. The mock galaxies were modeled by
adopting the parameters of known dwarfs; (1)
−9.5 ≤MR ≤ −13.5 mag, (2) 0.1 ≤ re ≤ 1 kpc,
(3) 0.5 ≤ Se´rsic index n ≤ 1.0, and (4) ellipticity
e ≤ 0.6. These mock galaxies were distributed
randomly in the image and the line-of-sight dis-
tances were set to follow a Lorentzian distribu-
tion with a variance of ±1 Mpc4 (cf. Smercina
et al. 2018). The large wings in Lorentzian dis-
tribution can affect the completeness, but its
effect appeared to be negligible because most
of the simulated galaxies were located within a
line-of-sight distance of ∼ 300–400 kpc. Figure
2 compares a simulated galaxy with a dwarf
galaxy candidate discovered in this study.
3.2.1. Completeness
Eight imaging simulations were performed. In
each simulation, ∼150 mock galaxies were gen-
erated. In order to estimate the completeness
rate, the mock images were again subject to vi-
sual inspection. Note that we did not control
the mock galaxies which are overlapped with
bright objects, so the following results are pre-
sented as the lower limit. As shown in the left
panel of Figure 3, the completeness rate reaches
over ∼90% for MR . −11.5 mag in all galaxy
4 To reflect the actual distribution of dwarf galaxies
in MW-like galaxies, we employ an additional constraint
that∼10% of simulated galaxies have ∆d > ±0.4-1 Mpc.
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Figure 3. Left: Recovered fractions for simulated galaxies in absolute magnitude-effective radius space.
The completeness rate of each bin is color-coded and noted. The red circles represent the dwarf galaxy
candidates discovered in the NGC 1291 system. The dashed lines represent the central surface brightnesses
of 22 (blue), 24 (magenta), and 26 (cyan) mag arcsec−2 when n = 0.75. Right: Completeness rates as
a function of central surface brightness and absolute magnitude. The dashed lines are derived by quartic
polynomial fit.
sizes and ∼70% for MR . −10 mag. Mean-
while, the completeness rate appears to be much
sensitive to the galaxy size or central surface
brightness for MR & −11 mag. This result is
mainly due to confusion between small dwarf
galaxies and massive background galaxies, and
also partly induced by the 3σ surface bright-
ness limit of ∼26.5 mag arcsec−2 in the mosaic
image (see Byun et al. 2018). The right panel
of Figure 3 also shows the average complete-
ness rates against central surface brightness and
absolute magnitude. Although the points are
sparsely distributed, the fitted curves support
that the completeness rate reaches over ∼70%
for MR . −10 mag and µ0,R . 26 mag arcsec−2.
3.3. Structural and photometric properties
This section presents the properties of the
dwarf galaxy candidates mainly using R-band
images (Table 2).
The images were prepared by subtracting the
sky background from each cutout image using a
two-dimensional polynomial model. Note that
the sky subtraction was performed before the
mosaic images were generated, but there local
sky fluctuations may have introduced residu-
als. The surface brightness profiles of the dwarf
galaxy candidates were estimated in B- and R-
band images using the ELLIPSE task in IRAF.
All parameters were first fit freely. Then the
central position, ellipticity, and position angle
values at the effective radius of each dwarf can-
didate were conservatively calculated based on
the initial results. Finally, the isophotal fit was
performed again using the three values above as
fixed parameters over the whole radius.
Figure 4 shows both the original and model-
subtracted cutout images. Most of the removed
objects left no residuals, but some (N1291-
DW7/DW14) left irregular features due to their
clumpy structures. Note that they seem like
KMTNet Nearby Galaxy Survey 7
Table 2. Catalog of the Dwarf Galaxy Candidates in the NGC 1291 system
ID R.A.(J2000) Decl.(J2000) mR
a B −Rb µ0,Rc nc rec MRd log M?e
(hh:mm:ss) (dd:mm:ss) (mag) (mag) (mag arcsec−2) (′′) (mag) (M)
N1291-DW1 3:19:25.9 -40:03:47 17.46±0.13 1.31 24.18±0.19 0.65±0.03 11.30±0.23 -12.34 6.97
N1291-DW2 3:15:09.7 -40:40:05 17.05±0.13 1.17 24.61±0.19 0.65±0.03 16.62±0.38 -12.75 7.03
N1291-DW3 3:17:29.4 -40:58:22 16.25±0.05 1.36 23.81±0.07 0.71±0.01 17.30±0.17 -13.55 7.45
N1291-DW4 3:19:43.1 -41:26:54 16.44±0.08 1.28 24.25±0.13 0.60±0.02 18.47±0.26 -13.36 7.42
N1291-DW5 3:17:38.1 -41:41:45 16.76±0.10 1.16 24.57±0.14 0.77±0.02 20.32±0.42 -13.04 7.15
N1291-DW6f 3:18:43.0 -41:01:27 17.44±0.18 1.14 23.09±0.24 0.88±0.04 8.24±0.17 -12.36 6.87
N1291-DW7f 3:21:24.4 -41:59:44 15.50±0.04 1.13 23.34±0.06 0.58±0.01 17.86±0.14 -14.30 7.48
N1291-DW8f 3:17:01.4 -41:42:01 15.75±0.10 1.23 22.95±0.13 0.82±0.02 15.88±0.24 -14.05 7.59
N1291-DW9 3:09:25.1 -41:04:57 18.42±0.18 1.20 23.90±0.23 0.84±0.04 7.37±0.14 -11.38 6.47
N1291-DW10 3:25:38.4 -41:13:51 17.16±0.23 1.11 25.08±0.32 0.72±0.05 20.60±0.82 -12.64 6.99
N1291-DW11 3:12:44.2 -42:47:54 17.51±0.32 0.81 23.99±0.44 0.80±0.07 11.63±0.54 -12.36 6.59
N1291-DW12 3:18:47.0 -42:11:58 19.81±0.36 1.12 25.19±0.54 0.75±0.09 7.22±0.26 -9.99 5.98
N1291-DW13 3:20:33.8 -40:48:18 17.81±0.34 1.22 26.39±0.55 0.48±0.08 23.60±1.89 -11.99 6.62
N1291-DW14f 3:25:02.8 -40:21:32 17.94±0.48 1.02 22.66±0.63 0.80±0.11 4.56±0.18 -11.86 6.45
N1291-DW15 3:19:37.7 -40:25:17 18.65±0.32 1.07 22.83±0.38 1.07±0.22 4.82±0.22 -11.15 6.20
Note—Magnitudes and surface brightnesses are uncorrected for Galactic extinction.
aApparent magnitude calculated by Eq. 2.
b Color measured within 2 effective radius derived from R-band image.
cCentral surface brightness (µ0,R), Se´rsic index (n) and effective radius (re) in R-band image derived from the 1-D profile fit.
dAbsolute magnitude calculated by assuming that the dwarfs are at the same distance as NGC 1291 (d = 9.08 Mpc).
e Stellar mass estimated with an equation of log(M?/L) = 0.872× (B −R)− 0.866 adopted from Into & Portinari (2013).
fCross-ID: [MDS99] F301-056, [MDS99] F301-044, [MDS99] F301-064, LEDA 587327, respectively.
background spiral galaxies, but their central
surface brightnesses are somewhat fainter than
that of the typical spiral galaxies (µ0,B ∼ 21.65
mag arcsec−2; see Bosma & Freeman 1993 and
references therein), implying that they are likely
to be dwarf galaxies. Several dwarf spiral galax-
ies have been found in the nearby Universe al-
though they are rare (cf. Schombert et al. 1995;
Lisker et al. 2006). However, without any con-
firmation of their distances, it is hard to deter-
mine the real nature of them.
The azimuthally averaged surface brightness
and color profiles are also presented in Fig-
ure 4. Note that the parameters presented in
this section are not corrected by foreground
Galactic extinction because the expected red-
dening effect towards NGC 1291 is negligible at
E(B − V ) ∼ 0.01.
The central surface brightnesses of the can-
didates are distributed between 22.5 . µ0,R .
26.5 mag arcsec−2 and their average central sur-
face brightness is µ0,R ∼ 24.05 mag arcsec−2.
The surface brightness profiles were fitted with
a single Se´rsic function which is commonly ex-
pressed as
I(r) = Ieexp
{
−bn
[(
r
re
)1/n
− 1
]}
, (1)
where re is the effective radius, Ie is the in-
tensity at the effective radius, n is the Se´rsic
index, and bn = 1.9992n − 0.3271, a constant
adopted from Capaccioli (1989) (see also Ciotti
& Bertin 1999). Data points within the inner-
most 2 arcsec and which are fainter than 28 mag
arcsec−2 were not used for the fit. As a result,
all dwarf galaxy candidates were well described
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Figure 4. The surface brightness and color profiles (left), R-band cutout images (middle), and residuals
(right) of dwarf galaxy candidates as a result of isophotal fit. The blue solid lines in the left panels represent
a single Se´rsic function. The blue dashed lines show the effective radii (vertical) and weighted mean colors
(horizontal), respectively. The scale bar in the cutout images corresponds to 30 arcsec.
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Figure 4. (Continued)
with a single Se´rsic fit (blue solid lines in Fig-
ure 5). The effective radii were estimated to be
4.5 . re . 23.5 arcsec (vertical lines in Figure
4). At a distance of 9.08 Mpc, it corresponds
to re ∼ 200 pc to 1 kpc. Se´rsic indices were
0.5 . n . 1.0 with an average value of 0.74.
The total magnitudes of the dwarf galaxy can-
didates were estimated to be 15.5 . mR . 20.0
mag using the following equation of
Ltot = 2piI0rs
2nΓ(2n), (2)
where I0 is the intensity at the center, rs is the
scale length that satisfies the equation of re ≈
rs(1.9992n−0.3271)n, and Γ is the gamma func-
tion. Note that considering the image depth dif-
ference and large errors, there was no significant
difference with the literature results of the four
previously detected galaxies in terms of the cen-
tral surface brightnesses and the apparent mag-
nitudes.
The weighted average colors are shown as hor-
izontal dashed lines in Figure 4. The color range
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Figure 5. B − R color distribution of the dwarf
candidates as a function of their projected distance
from the center of NGC 1291. The dashed line
shows a linear fit with 15 dwarf galaxy candidates.
The correlation coefficient and p-value are noted at
the bottom of the panel.
is 0.8 . B−R . 1.5 mag and the average value
is 〈B − R〉 ∼ 1.16 mag. Taking into account
large errors in the outer regions, most of the
candidates exhibited weak or no gradients in
their color profiles.
Furthermore, their stellar masses were calcu-
lated using the mass-to-light ratio of log(M?/L) =
0.872×(B−R)−0.866 from exponential star for-
mation history with Kroupa initial mass func-
tion developed by Into & Portinari (2013). The
average stellar mass is ∼1.35 × 107M. The
stellar masses were also estimated using other
mass-to-light ratios found in Bell & de Jong
(2001) to quantify the uncertainty of the stel-
lar masses. The deviation for estimating stellar
mass was revealed up to ∼20%. Note that
detailed stellar evolution uncertainty was not
considered, so the true deviation may be much
larger (cf. Conroy 2013).
Figure 5 shows the B − R color distribution
of the dwarf galaxy candidates as a function of
their projected distance from the center of NGC
1291. Though the candidates are significantly
scattered, there seems to be a negative linear
correlation, which has also been reported in
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100
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Figure 6. The radial number density profiles of
the dwarf galaxy candidates which show the results
from two different binning methods: the equal lin-
ear distance binning (solid line) and the equal area
binning (dashed line). The data points and the
equation were derived from the former method.
much massive environments (e.g., Venhola et al.
2019). Note that the color of dwarf galaxies
can be affected by their masses and magnitudes
(e.g., Binggeli et al. 1985; Conselice et al. 2002;
Adami et al. 2006; Lieder et al. 2012; Yagi et al.
2016). We found that the color of the dwarf can-
didates are weakly correlated with the absolute
magnitudes, but there is no statistically signif-
icant correlation between the total magnitudes
and the projected distances. Indeed, Phillips
et al. (2015) have reported that the quenching
process of the satellite galaxies around isolated
MW-like host galaxies can be effective at lower
stellar masses (< 108M). Therefore, a neg-
ative color gradient for the projected distance
can be interpreted as a result of the quench-
ing process of the satellite galaxies in the halo
of NGC 1291 which also implies that the dwarf
candidates may be accompanying NGC 1291.
Interestingly, N1291-DW3 and DW6 show
weak excess of light in their innermost regions
as nucleated cores. Given that they are the
nearest candidates to NGC 1291, the nucleated
core was likely a product of the tidal perturba-
tion between the host and the satellite galax-
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ies (cf. Binggeli & Cameron 1991; Oh & Lin
2000). However, the exact mechanism behind
nucleation in dwarf galaxies is still a subject
of debate (cf. Grant et al. 2005 and references
therein). Moreover, Park et al. (2019) men-
tioned that the environment in different dy-
namic states can affect the correlation between
the nucleated fraction and other physical prop-
erties of dwarf galaxies. More surveys of dwarf
galaxies must be conducted, especially of those
in environments similar to the one found in the
NGC 1291 system.
3.4. Number density profile
Figure 6 presents two different radial number
density profiles for the dwarf galaxy candidates
according to their projected distance from the
center of NGC 1291. The small sample size
made the fit sensitive to the binning size, so
two binning sizes were used: (1) equal linear
distance in each annulus and (2) equal area in
each annulus. Each can be well described by an
exponential function up to the virial radius of
NGC 1291. The two methods yielded the num-
ber densities of Σ = e1.37(±0.16)r+2.06(±0.09) and
Σ = e1.57(±0.56)r+2.07(±0.38), respectively. These
results are relatively similar and within the er-
ror budget. It may be inappropriate to extract
physically meaningful results from this fit be-
cause of the limited sample size on which it was
based, but it is worth noting that the number
density profiles showed centrally concentrated
distributions, implying that the dwarf candi-
dates are associated with NGC 1291.
4. DISCUSSION
4.1. Comparisons with dwarfs in other host
systems
NGC 1291 has been thought to reside in a
relatively isolated environment. For instance,
NGC 1291 accompanies a single bright galaxy
(MR < −17 mag) and 15 dwarf galaxy candi-
dates within the projected distance of Dproj <
300 kpc. If the properties of dwarf galaxies are
easily affected by the environment, the compar-
ison between the dwarf candidates discovered in
this study and those in other host systems with
different populations can provide useful insight
into the evolution of dwarf galaxies. The fol-
lowing samples were chosen because they pro-
vided available data on structural and photo-
metric properties of their satellites, regardless of
their distance confirmations using resolved indi-
vidual stars.
Figure 7 presents the effective radii, central
surface brightnesses, and Se´rsic indices of the
dwarf candidates as a function of absolute mag-
nitude. For the sake of simplicity, we assumed
that the dwarf candidates are located at the dis-
tance of NGC 1291 (∼9.08 Mpc). The proper-
ties of known dwarfs in other host systems as
well as the Fornax cluster are also presented.
The structural and photometric properties of
the dwarf candidates in the NGC 1291 system
were revealed to be similar to those in other
environments. Their significant distribution in-
dicates that the shapes of dwarf galaxies are in-
dependent of their environments. This finding
also supports the assumption that the dwarfs
are located at approximately the same distances
as NGC 1291. In fact, it cannot be a robust ev-
idence as a shift in their distances would not
entirely separate them from a distribution with
the bulk of dwarf galaxies. However, most of the
dwarf candidates are unlikely to be located in
the foreground or background because no other
host systems is found in the images that may
be associated with dwarf candidates.
We also compared the colors of the dwarf can-
didates with those provided from the literatures.
Interestingly, the average color of the dwarf
galaxy candidates, (〈B−V 〉0 ∼ 0.63±0.10)5, is
slightly smaller than that of the dwarfs in the
5 We used the interpolated conversion factors of V −R,
matching to the B −R color of each candidate adopted
from Fukugita et al. (1995)
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Figure 7. The effective radii, central surface brightnesses, and Se´rsic indices of dwarf galaxies as a function
of absolute magnitude. Red circles denote the NGC 1291 candidates located at a distance of 9.08 Mpc.
The squares, triangles, diamonds, crosses, and pentagons represent the dwarf galaxies in the M81 group
(Chiboucas et al. 2009), the M83 group (Mu¨ller et al. 2015), the NGC 2784 group (Park et al. 2017), the
LG (Jerjen et al. 2000; McConnachie 2012), and the Fornax cluster (Mun˜oz et al. 2015), respectively.
M83 group (0.82±0.24; Mu¨ller et al. 2015), the
M101 group (0.71 ± 0.04; Merritt et al. 2014),
the M106 group (0.70± 0.19; Kim et al. 2011),
and the NGC 2784 group (0.67±0.17; Park et al.
2017). Note that the corrections for Galactic
extinction were performed for all five samples
and the B−V colors in other studies were con-
verted from g and r-band using the equation of
Lupton (2005) if necessary. Indeed, this result
may be inconclusive because of marginal uncer-
tainties in color measurement, and systematic
differences among the studies in the observa-
tional conditions. Nevertheless, we suggest that
the comparison of color distributions under the
strict conditions will be helpful in exploring the
evolution of dwarf satellite galaxies in different
host systems.
The color of dwarf satellite galaxies can be
affected by their own masses and their pro-
jected distances from their host galaxies, which
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Figure 8. The color distributions of dwarf candi-
dates in the NGC 1291 system (red) and those of
the M83, M101, M106, NGC 2784 groups (gray).
The samples had to meet the criteria of Dproj ≤ 130
kpc and −13.5 ≤MR ≤ −10.5 mag.
as shown in Figure 5. Therefore, we utilized
subsamples with the absolute magnitude range
of −13.5 ≤MR ≤ −10.5 mag to avoid the mass
effect as well as the incomplete detection issue.
Secondly, we used the projected distance cut
with Dproj ≤ 130 kpc, adopted from the FoV
limit of M106 survey (Kim et al. 2011). Note
that the projected distance limit is broadly con-
sistent with a half of the virial radius of each
system, so dwarf galaxies within it are expected
to have sufficiently experienced the environmen-
tal effect.
Figure 8 shows the color distributions of dwarf
candidates in the NGC 1291 system and other
dwarf galaxies. Approximately 15 dwarfs in the
M83, M101, M106, NGC 2784 groups were se-
lected as counterparts and their average color is
〈B − V 〉0 ∼ 0.76 ± 0.09. Six of the dwarf can-
didates in the NGC 1291 system were selected
with an average color of 〈B−V 〉0 ∼ 0.63±0.06.
The Kolmogorov-Smirnov test also indicated
that the color distributions of the two samples
are unlikely to have been drawn from the same
population (p-value ' 0.01). The dwarf can-
didates in the NGC 1291 system seem to have
magnitude-dependent color distributions, while
dwarf galaxies in other host systems tend to be
redder regardless of their absolute magnitudes.
This difference tends to be more obvious in less
luminous dwarf galaxies which are thought to be
susceptible to environmental effect due to their
less massive dark matter halos. It shows that
the dwarf satellite galaxies around NGC 1291 is
somewhat less quenched than those in other sys-
tem. It is noteworthy that although host galax-
ies resemble each other in terms of stellar mass,
the evolution of dwarf satellite galaxies around
them can vary.
4.2. Cumulative luminosity functions
We examined the cumulative luminosity func-
tion (LF) of the NGC 1291 system. The
Schechter function (Schechter 1976) was em-
ployed, which is:
N(< M) = φ∗Γ[α + 1, 100.4(M
∗−M)], (3)
where N(< M) is the number of galaxies
brighter than M , φ∗ is a scaling factor, α is the
faint-end slope, M∗ is the characteristic mag-
nitude where the break of LF occurs, and Γ is
the upper incomplete gamma function. To im-
prove the completeness of the LF, we included
potential members of the NGC 1291 system us-
ing the radial velocity range of 839 ± 150km
s−1 (ESO 300-14; MR ' −17.79, ESO 300-16;
MR ' −14.73). Their projected distances from
the center of NGC 1291 are '230 kpc and '280
kpc, respectively. Note that the velocity offset
of 150km s−1 for NGC 1291 was defined based
on the velocity distribution of nearby objects,
but it did not significantly affect the slope of
the faint-end.
Figure 9 compares the cumulative LF of the
faint galaxies in the NGC 1291 system with
those of the MW&M31 (McConnachie 2012;
Martin et al. 2013a,b), M83 (Mu¨ller et al. 2015),
M94 (Karachentsev et al. 2013; Smercina et al.
2018), M101 (Bennet et al. 2019), M106 (Kim
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Figure 9. The cumulative luminosity functions of satellite galaxies in the NGC 1291 system and several
other host systems. Different colors denote different systems, as labeled in the plot. The solid lines show the
fitted Schechter functions using galaxies in MR & −17 mag, which also have a completeness rate >90%. The
faint-end slope of the NGC 1291 system is noted at the bottom. The dashed line represents the faint-end
slope predicted from the ΛCDM model.
et al. 2011), NGC 2784 (Park et al. 2017), NGC
5128 (Crnojevic´ et al. 2019). Note that the in-
completeness introduced from the different FoV
covered by each study may affect the follow-
ing results. Since the dwarf satellites in M83,
M106, NGC 2784 and NGC 1291 have not yet
been confirmed to be located at each host sys-
tem, the resulting LFs can be regarded as up-
per limits at the moment. In order to directly
compare the references, only galaxies with ab-
solute magnitudes of MR
6 & −17 mag were
6 For the sake of simplicity, we used the conversion
factor of V − R = 0.56, r − R = 0.24 from Fukugita
et al. (1995)
used. The faint magnitude limits of the sam-
ples were adopted to have a completeness rate
higher than 90% in each study. We found that
the faint-end slope in the NGC 1291 system
is α = −1.05 ± 0.14, which is much flatter
than that predicted by the ΛCDM model (α =
−1.8; Trentham & Tully 2002) shown as dashed
line in Figure 9. It is similar to that of the
MW (−1.10 ± 0.07), M31 (−1.24 ± 0.13), M83
(−1.44 ± 0.06), M94 (−1.22), M101 (−1.13),
M106 (−1.22±0.17), NGC 2784 (−1.26±0.06),
NGC 5128 (−1.11 ± 0.18). Note that we could
not derive uncertainties for M94 and M101 be-
cause of their sparse satellite populations in the
system. This result may indicate that the pop-
KMTNet Nearby Galaxy Survey 17
ulation of low-mass dwarf galaxies in the NGC
1291 system is indistinct from those in other
host systems.
5. SUMMARY
In this study, 15 dwarf galaxy candidates were
identified by visual inspection of deep and wide-
field images of NGC 1291 obtained with KMT-
Net. Of those 15 candidates, 11 are newly dis-
covered in this study. We performed imaging
simulations and estimated the completeness of
the visual inspection that was above 70% in
µ0,R . 26 mag arcsec−2 and MR . −10 mag.
The photometric and structural properties of
dwarf candidates were measured, the results of
which are summarized as follows.
1. The surface brightness profiles of dwarf
galaxy candidates were well described
with a single Se´rsic function. The struc-
tural and photometric properties were
similar to those of ordinary dwarf galax-
ies, with a central surface brightness of
µ0,R ∼ 22.5–26.5 mag arcsec−2 and effec-
tive radii of 0.2–1 kpc. Assuming that
they are located at 9.08 Mpc, the abso-
lute magnitudes of the 15 dwarf galaxy
candidates are −14.5 .MR . −10 mag.
2. Only the two nearest dwarf candidates
from NGC 1291 exhibited nucleated cores.
The colors of the dwarf candidates seem
to be linearly correlated with their pro-
jected distances from the center of NGC
1291. This result may have been a prod-
uct of the interaction between the host
and satellite galaxies, such as tidal inter-
actions and the quenching process.
3. In order to understand the evolution
of dwarfs in different environments, the
properties of the dwarf candidates were
compared to those in other host systems.
The color distribution of dwarf candi-
dates is the only property dissimilar from
those of other dwarfs in other satellite
population systems as the candidates are
slightly bluer than other dwarfs. This re-
sult indicates that the dwarfs in the NGC
1291 system are likely less quenched than
dwarfs in other host systems. It also re-
veals that environments play an impor-
tant role in the quenching process but
may not affect the morphology shaping of
dwarf galaxies.
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